Introduction
Genetic (co)variance can differ among cattle populations for several reasons. Genetic variance in composite populations may be more or less than in the parental breeds (Mohd-Yusuff and Dickerson, 1991) . Functional relationships, such as increasing variance with increasing average live weight, may also change genetic variance. Furthermore, estimates of genetic variances may differ even when the variances themselves do not differ. Field data can be selectively reported and have poor data structure for estimation. Experimental and field data are both subject to loss of data due to death of animals. Techniques are now available to account for selection in the estimation of (co)variance. However, these techniques require the choice of an appropriate genetic model to be valid.
The objective of this study was to estimate the effects of growth rate, milk yield, and mating system on genetic (co)variances for birth weight, 200-d weight, and 168-d postweaning gain. The directmaternal genetic covariance for 200-d weight was of particular interest because of differences among literature estimates. Multiple-trait, animal model REML procedures were used on experimental data to reduce bias in estimates of (co)variances, but simpler genetic models were also fitted to identify potential sources of bias in literature estimates.
Materials and Methods
Animals. Gregory et al. (1991a) evaluated heterosis retention by comparing initial and advanced generations of composite populations to their parental populations. The three composites and proportions of the nine parental breeds in each composite were MARC I ( Ô Braunvieh, Ô Charolais, Ô Limousin,°A ngus, and°Hereford), MARC II ( Ô Gelbvieh, Ô Simmental, Ô Angus, and Ô Hereford), and MARC III ( Ô Pinzgauer, Ô Red Poll, Ô Angus, and Ô Hereford).
Details of the formation of purebred and composite populations are given in Gregory et al. (1991a) . The Angus and Hereford populations had been maintained at USMARC as closed breeding populations. The Gelbvieh, Limousin, Pinzgauer, and Simmental populations were established through a grade-up program from Angus and Hereford dams. Some purchased ã Gelbvieh dams graded-up from Charolais × Angus dams were also added.
Purebred Brown Swiss females were purchased and bred to nine Braunvieh sires to establish a ã to ø Braunvieh population. The Charolais and Red Poll populations were established by purchasing purebreds. Additional Charolais females were obtained by grading up from Hereford-Angus crossbred females.
Selection and Mating. All yearling heifers were retained for breeding. From 1978 through 1984, nonpregnant females were retained unless they were nonpregnant in two successive years. Since 1985, all nonpregnant animals were removed from the experiment. Traits such as age, color, and extremes in skeletal size were used to remove excess females. Bulls that were extreme for weight, condition, muscle score, and skeletal anatomy were not selected for mating. Other factors used to identify bulls for use were reduced risk of dystocia and larger scrotal circumference (especially Hereford and Limousin). Polledness and color patterns of red or red with white markings were favored in identifying males for use in the composite populations. A broad pedigree base was maintained in each population, except carriers of genetic defects and their close relatives were avoided after they were identified.
Use of AI allowed most sires (> 80%) to be used in two or more years. Females were assigned to sires on an age-stratified random basis, except half-sib or closer matings were avoided.
Data. The Weights from twin animals were set to missing values. Weights that were more than 3 SD from the mean were checked for reasonableness based on subsequent weights and gestation length. Weights were set to missing if fewer than 10 calves of a given generation ( F 1 , F 2 , or F 3 + F 4 ) of a composite were born in a year. Adjusted 200-d weights and 168-d postweaning gains of calves that were raised by foster dams were set to missing.
Pedigree information was obtained on all cattle back to as early as 1962. Calves from grade-up programs other than Braunvieh had to be at least ø blood. Pedigree information on twins and other animals was retained even if weight records were missing.
Analysis of Data.
A derivative-free, multiple-trait REML program (Boldman et al., 1993) was used to estimate (co)variance components for each population. Fixed effects for birth weight and adjusted 200-d weight consisted of a group effect and dam's age. The group effect was defined by sex (male or female) and year. Group was further defined by generation ( F 1 , F 2 , or F 3 + F 4 ) for the composite populations. Dam age was statistically modeled as linear and quadratic regression coefficients. Dam ages ranged from 2 to 5 because all cows older than 5 yr were set to a value of 5. A single fixed effect for postweaning gain consisted of a group defined by sex (bull, steer, or heifer), year, generation (composites only), and finishing diet (steers only).
Random effects fitted for birth weight and adjusted 200-d weight were additive direct genetic, additive maternal genetic, maternal common environment, and residual effects. Only additive direct genetic and residual effects were assumed for 168-d postweaning gain. All possible covariances among additive direct and maternal genetic effects were estimated. The covariance between maternal common environment effects for birth and 200-d weight was also estimated. (Gregory et al., 1992) . Each population was independently analyzed. The criterion for stopping the derivative-free iterative search procedure was when the variance of two times the log-likelihood in the Simplex was less than 1 × 10 −10 . Analyses were restarted several times before and after reaching the stopping criterion to reduce the chance that the log-likelihood was at a local maximum.
Estimates of variance components for 368-d weight were constructed from the linear combination of (co)variance components for 200-d weight and 168-d gain (Lin and Allaire, 1977) . Estimates of covariance components were also calculated as covariances with the linear combination (Bennett et al., 1991) .
Reduced Genetic Models. A series of reduced genetic models was fitted to each of the populations to identify potential sources of bias in parameter estimates. The first reduced model eliminated covariances between different traits. The second reduced model eliminated covariances between traits and between direct and maternal genetic effects. The third reduced model contained only direct effects and no covariances between traits. Paired t-tests were used to test average changes in parameters between different models.
Analysis of (Co)variances. Variance and covariance components can differ due to changes in gene frequencies. These components can also differ due to functional relationships such as scaling of components with animal weight or restriction of growth by limited maternal nourishment. Multiple regression was used to isolate the effects of changes in gene frequencies brought about by purebred or composite mating systems from those due to differences in average weight or average amount of milk produced. Twelve estimates for each (co)variance component, one per population, were regressed on mating system, weight, and milk (Table 1) .
A single estimate of weight for each population was used as a covariate for all components estimated from that population. For each population, weight covariate was calculated as the average of deviations (percentage of the overall mean) for birth weight, 200-d weight, and 168-d postweaning gain. The covariate for milk was the deviation (percentage of the overall mean) for 200-d milk production estimated from three weigh/nurse/weigh observations on approximately 50 females per population over 2 yr (Gregory et al., 1992) . The mating system covariate was coded as +1 for composite and −1 for purebred mating system.
Components from each population were weighted by the total number of observations of birth weight, 200-d weight, and 168-d postweaning gain in that population. Eight df were available to estimate the empirical residual variance and standard errors of the intercept and three regression coefficients. Covariates were dropped until the model with the lowest residual SD ( RSD) was found. Real differences in populations with identical explanatory variables inflate the standard errors of the regression coefficients.
Genetic Parameters. Direct, total, and offspring-dam heritabilities were each calculated as proportions of phenotypic variance. Phenotypic variance was the sum of direct genetic, maternal genetic, direct-maternal genetic, maternal common environment, and residual (co)variance components. Direct heritability was estimated from direct genetic variance only. Total heritability was estimated from the sum of direct genetic variance, .5 × maternal genetic variance, and 1.5 × direct-maternal genetic covariance (Willham, 1972) . Offspring-dam heritability was estimated as the sum of direct genetic variance, maternal genetic variance, and 2.5 × direct-maternal genetic covariance. Correlations were calculated as genetic, common maternal environment, and residual covariances divided by the product of genetic, common maternal environment, and residual standard deviations of the two traits, respectively.
Results
Numbers of valid birth, 200-d, and postweaning gain records and the number of sires and maternal grandsires are given in Table 1 for each population. Weaning weight numbers were fewer than birth weight numbers because of death loss and eliminating foster records. Most of the additional decrease in postweaning gain numbers resulted from not including postweaning records from animals born in 1992. Also shown are weight and milk covariates for each population used in regression analyses.
Estimated variance components are shown in the Appendix tables. Six breeds (Braunvieh, Charolais, Hereford, Limousin, Pinzgauer, and Simmental) had one Eigenvalue approaching zero (not shown), indicating that their estimated genetic correlations were nearly out of the parameter space.
Direct, offspring-dam, and total heritabilities are shown in Table 2 . Heritability estimates based on predicted offspring-dam regressions are included for comparison with literature estimates. Both offspringdam and total heritabilities include estimated variances for direct and maternal effects and their covariance. Sampling variances between the directmaternal genetic covariance and each of the variances (Meyer, 1992) are negatively correlated. Meyer (1994) found that total heritability was less variable across different genetic models and suggested that it was estimated more accurately than an individual component.
Heritabilities At least one of the explanatory variables was significant ( P < .05) for 8 out of 10 genetic, common maternal environment, and residual variance components. Mean values of all covariances were positive and significant ( P < .05) except for the covariances of direct genetic birth weight with either maternal genetic birth weight or 200-d weight, the genetic covariance between direct and maternal 200-d weight, and the covariance of common maternal environments for birth weight and 200-d weight. (Table 3) , and decreased covariance between genetic direct and maternal 200-d weight (Table 5) . Increased weight was also associated with increased common maternal environment for 200-d weight (Table 6) (Table 7) . A probable explanation for these increases is the scaling of variation to body weight. If standard deviation is scaled proportionally to weight, then a 1% increase in weight should increase variance by 2%. Regression coefficients of phenotypic variance on mating system, weight, and milk are shown in Table 8 . Regressions on weight show 3.3% ( ±1.0), 2.3% ( ±.4), 2.5% ( ±.5), and 1.9% ( ±.3) increases in phenotypic variances of birth weight, 200-d weight, 168-d gain, and 368-d weight, respectively, per 1% increase in weight. Individual genetic and residual components of variance were variable but did not significantly differ from 2% increase in variance component per 1% increase in weight. These results suggest that using the logarithm of weight would standardize variances among genotypes of different weights. However, Garrick et al. (1989) found that logarithms of birth weight, weaning weight, and postweaning gain did not equalize variances of different sexes or percentage of Simmental ancestry. (Tables 6 and 7) . Increased milk significantly ( P < .05) reduced phenotypic variance of 200-d weight (Table 8) . These results are consistent with milk yield potentially limiting the expression of differences in preweaning growth. As milk yield increases, milk becomes less limiting on calf growth, resulting in increased direct genetic variance and decreased maternal genetic variance for 200-d weight. Because 200-d weight direct genetic effects are less likely to be suppressed if milk yield is high, the covariance with postweaning growth increases also. Residual and common maternal effects would also be reduced when milk yield is high because milk yield would not add to their variance if it exceeds the maximum required. This would also reduce residual variance of postweaning gain because 200-d weight is a component of difference in start and final weights used to calculate 168-d gain. Koch and Clark (1955) reasoned that selection for weaning weight in an environment in which the influence of milk was removed would result in more emphasis on direct genetic effects, but they did not suggest an actual increase in genetic variance. MacNeil et al. (1992) suggested that the severe nutritional environment in which Line 1 Herefords were developed may have limited the expression of maternal effects which in turn limited the expression of direct effects for preweaning growth. Parallels can be drawn between the interaction of direct and maternal effects on weaning weight and the model of ovulation rate and uterine capacity effects on litter size in pigs (Bennett and Leymaster, 1989 ). More of the direct effect differences are realized as weaning weight differences of calves nursing high-milking cows, just as more of the ovulation rate differences are realized as litter size differences in high-uterine-capacity sows.
Effects of Milk.

Effects of Mating System. After adjusting for weight
and milk using covariates, direct genetic variances were larger in composites than in purebreds by 30% for birth weight, 36% ( P < .10) for 200-d weight, and 13% for 168-d gain (Table 3) . Covariances among direct traits increased proportionately more (49 to 62%) than variances resulting in higher genetic correlations among direct effects. These increases suggest that genes contributing to increased direct genetic variance in growth of composites had general effects on growth extending from conception to yearling age rather than independent effects at different stages of growth. Conversely, maternal genetic 200-d weight was reduced 82% in composites (Table 4) . Residual variance for 168-d gain was reduced 13% in composites (Table 7) .
Phenotypic variance for 368-d weight calculated as the sum of 200-d weight and 168-d gain was increased 11% ( P < .01) in composites (Table 8 ) (Table 8) . Because composites are heavier and have more milk than their contributing purebreds (Gregory et al., 1991b (Gregory et al., , 1992 , actual variances would include the adjusted mating system difference plus the adjustments for weight and milk.
Increases in variance of direct genetic effects for weights and gain are consistent with an increase in heterozygosity and recovery from inbreeding depression in composites. Using the simplest assumption of variance within inbred lines being reduced proportional to the inbreeding coefficient and that an average of .76 of the reduction was recovered in the composites, the direct variances suggest that the inbreeding occurring in population formation and subsequently is in the range of 17 to 47% from their common base. The lack of increases in residual (co)variances for the three traits suggests no large increases in nonadditive variation within the composite populations. This is not consistent with the approximately 6% heterosis retained in the composites for these traits (Gregory et al., 1991a) . There is no apparent explanation for a reduction in maternal genetic variance for 200-d weight after adjusting for differences in average milk yield. It is possible that increased direct and decreased maternal genetic variance for 200-d weight are simply the result of negatively correlated estimation errors (Meyer, 1992) not accounted for by the regression analysis of each component separately. Differences in purebred and composite variance could arise from some unidentified systematic bias related to the somewhat different data structures of overlapping generations in purebreds and discrete generations in composites. A genetic explanation for reduced variance in composites is dominance and overdominance (Mohd-Yusuff and Dickerson, 1991) . Gregory et al. (1992) reported an average retained heterosis of 14.1% for estimated 200-d milk production consistent with high levels of dominance.
Heritabilities. Heritability estimates (Table 9 ) for direct genetic effects on birth weight, 168-d gain, and 368-d weight were similar and larger than those for 200-d weight. Heritability estimates for direct genetic effects on birth weight, 200-d weight, 168-d gain, and 368-d weight were higher than the weighted estimates given by Koots et al. (1994a) . This is especially true in the composites, for which heritabilities were increased by .08 to .11 compared to purebreds. On the other hand, maternal genetic heritabilities for birth weight in purebreds and birth and 200-d weight in composites were lower than the weighted estimates (Koots et al., 1994a) . Meyer et al. (1993) compared heritabilities of experimental Hereford and multibreed synthetic Wokalups. Those differences closely parallel the differences in Table 9 between purebred and composites for direct and maternal heritabilities of birth weight, 200-d weight, and yearling weight. Meyer et al. (1994) estimated the heritability of milk yield to be greater in Herefords than in Wokalups and suggested that some Wokalup dams may have had the ability to produce more milk than their calves could consume.
Common Maternal Environment. Little of the vari-
ance in birth weight could be attributed to common maternal (uterine) environment (Table 9 ) (Table 9 ) between birth and 200-d weights for genetic maternal effects, common maternal environmental effects, and residual effects do not differ significantly from a hypothesis of no relationship between pre-and postnatal growth for these effects. The correlation between direct genetic effects for birth and 200-d weights was about twice the expectation, indicating a positive relationship between pre-and postnatal direct genetic effects. Correlations in purebreds between direct genetic effects and between maternal genetic effects were positive and similar to those summarized by Koots et al. (1994b) . Direct genetic correlations were larger and the maternal genetic correlation was smaller in composites compared to purebreds. Genetic correlations between birth weight and postnatal weights and gains were smaller than .7, suggesting that postnatal growth can be increased without increasing birth weight. and .16 larger, respectively, than those summarized by Koots et al. (1994b) . Average genetic correlations between direct and maternal 200-d weights do not reflect the systematic effects due to weight and milk yield (Table 5) . Meyer et al. (1993) also showed the direct-maternal correlations to be small and statistically unimportant in experimental herds and suggested that larger negative estimates were the result of management practices or environmentally induced negative offspring-dam covariances in field data. Estimates of the genetic correlation between direct and maternal 200-d weight more negative than −.05 were found in Hereford, Charolais, Limousin, and Angus. These breeds account for many of the estimates of this correlation in the literature. Estimates larger than .05 were found for Red Poll, Braunvieh, Pinzgauer, MARC I, and MARC III, populations that are not well represented in the literature.
Univariate Estimation. Variances and covariances
were reestimated using identical data, fixed effects, and genetic models except that all covariances between effects for different traits were set to zero. The only remaining covariances were between direct and maternal genetic effects for birth weight and for 200-d weight. Results are shown in that died before weaning. It is known that deaths occur more frequently among calves with either very light or heavy birth weights (Morris et al., 1986; Gregory et al., 1991a) . Because birth weight is correlated with subsequent weights, the absence of these weights would reduce their estimated variances in univariate analyses. Univariate analysis assumes that missing weights are random, whereas multivariate analysis accounts for any correlations between birth weight and subsequent missing weights. Reduced Univariate Models. Reduced univariate models omitting the covariances between direct and maternal effects for birth weight and 200-d weight were used to reestimate variances. Differences in variance estimates between full and reduced univariate models are shown in Table 10 . The only significant difference in variance estimates between the full and reduced univariate models was a small increase in maternal common environment for 200-d weight. Differences in −2 × log-likelihood approximate a chisquare distribution with 2 df and ranged from .70 to 3.02 for 11 of the 12 populations and 8.50 in Red Poll (correlations between direct and maternal effects of −.53 for birth weight and .62 for 200-d weight). The combined difference in −2 × likelihood was 28.10 with 24 df, indicating no significant contributions of the direct-maternal genetic covariances. This conclusion is the same as that reached by regression of the multivariate covariance estimates.
The univariate model was further reduced to only direct genetic and residual effects (Table 10) . Dropping maternal genetic and common environmental variances from the model increased estimates of direct genetic and residual variances for birth and 200-d weight by about the same amount as the maternal variances so that estimates of phenotypic variances were changed only slightly. Estimates of direct genetic variance were increased more than residual variance. Gregory et al. (1995a,b,c) estimated variance components in three subsets (steers, females, and bulls) of the same animals analyzed here. Variance estimates were obtained by Henderson's Method 3 applied to a sire model. Pooled phenotypic standard deviations were 0 to 8% smaller and genetic standard deviations were 6 to 19% smaller than the multipletrait REML estimates. Average estimates of heritability were .09 to .12 lower for birth weight, 168-d gain, and 368-d weight but .03 larger for 200-d weight. Heritabilities for purebreds were similar for the two estimation methods but different for composites. Heritabilities for purebreds tended to exceed those for composites in the Method 3 analyses, but this was reversed in the REML analyses. It is difficult to explain how the differences in analyses would affect the results. Somewhat different fixed effects were used in the analyses, sexes were pooled in one analysis and populations were pooled in the other, some animals were eliminated from the Method 3 analysis so that there were data for all traits, and relationships other than through the sire were ignored by Method 3. Some of these differences would tend to make REML estimates of variance components larger than those from Method 3, but it is not apparent why purebred and composite estimates would be affected differently.
Implications
Higher heritability estimates suggest that withinherd selection for weight should be at least as effective in composite as in purebred beef cattle populations. There seems to be adequate genetic variation in birth weight that is independent of postweaning growth so that postweaning growth can be increased without obligatory increases in birth weight. The directmaternal genetic correlation for 200-d weight seems to be near zero, although this relationship may be more antagonistic in populations with heavier weight and lower average milk yield. Increased mortality of calves with heavy or light birth weights can bias analyses of postnatal weights and gains. 
